Signaling via the angiotensin-converting enzyme enhances the expression of cyclooxygenase-2 in endothelial cells.
Angiotensin-converting enzyme (ACE) inhibitors elicit outside-in signaling via ACE in endothelial cells. This involves the CK2-mediated phosphorylation of ACE on Ser1270 and the activation of the c-Jun N-terminal kinase (JNK)/c-Jun pathway, resulting in an enhanced endothelial ACE expression. Because cyclooxygenase-2 (COX-2) expression is reported to be increased in subjects treated with ACE inhibitors, we determined the role of ACE signaling in this phenomenon and the transcription factors involved. In lungs from mice treated with the ACE inhibitor ramipril for 5 days, COX-2 expression was increased. A similar (1.5- to 2-fold) increase in COX-2 protein was detected in primary cultures of human endothelial cells treated with ramiprilat. In an endothelial cell line stably expressing human somatic ACE, ramiprilat increased COX-2 promoter activity, an effect not observed in ACE-deficient cells or cells expressing a nonphosphorylatable ACE mutant (S1270A). The ramiprilat-induced, ACE-dependent increase in COX-2 expression and promoter activity (both 1.5- to 2-fold greater than control) was prevented by the inhibition of JNK. Ramiprilat significantly enhanced the DNA binding activity of activator protein-1 in cells expressing ACE but not S1270A ACE. Activator protein-1 decoy oligonucleotides prevented the ACE inhibitor-induced increase in COX-2 promoter activity and protein expression. As a consequence of the ramiprilat-induced increase in COX-2 expression, prostacyclin and prostaglandin E2, but not thromboxane A2, production was increased and was inhibited by the COX-2 inhibitor celecoxib. These results indicate that ACE signaling may underlie the increase in COX-2 and prostacyclin levels in patients treated with ACE inhibitors.